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ABSTRACT 

LO1 t r a j e c t o r y  "shaping" i s  considered a s  a means of 
i n c r e a s i n g  the  communication and t r ack ing  t i m e  between DO1 and 
p e r i l u n e  f o r  a f a r  e a s t e r l y  landing s i t e  such as i n  t h e  reg ion  
southwest of Crisium. For a mission t o  a t y p i c a l  s i t e  (15.7'N, 
46.4"E) us ing  the  c u r r e n t  6 0  x 1 7 0  nm LO1 o r b i t ,  t h e  s p a c e c r a f t  
i s  v i s i b l e  t o  t h e  e a r t h  during D O 1  (on t h e  western l i m b  of t h e  
moon) and f o r  approximately four  minutes before  LOS. The t i m e  
a v a i l a b l e  a f t e r  AOS (on t h e  e a s t e r n  limb) and be fo re  p e r i l u n e  
i s  l i m i t e d  t o  about f i v e  minutes. 

Addi t iona l  coverage t i m e  be fo re  LOS can be achieved 
by employing a lower pe r i lune  on t h e  LO1 o r b i t  a t  t h e  expense 
of a d d i t i o n a l  SPS AV. For example, u s ing  a 50  x 1 7 0  nm LO1 
o r b i t ,  15 minutes of coverage between D O 1  and LOS can be achieved 
a t  t h e  expense of an a d d i t i o n a l  1 1 0  f t /sec i n  end-of-mission SPS 
AV. 

The four  minutes of coverage be fo re  LOS on t h e  6 0  x 1 7 0  
nm o r b i t  may poss ib ly  be used t o  reduce t h e  t i m e  r equ i r ed  a f t e r  
AOS t o  perform t h e  b a i l o u t  maneuver. I f  t h i s  i s  n o t  p o s s i b l e ,  
t h e n  a d d i t i o n a l  t r a j e c t o r y  modi f ica t ion  would be requi red .  How- 
e v e r ,  i f  SPS p r o p e l l a n t  margins a r e  low on a Crisium miss ion ,  any 
method of dea l ing  wi th  t h e  DO1 b a i l o u t  problem t h a t  costs AV w i l l  
n o t  appear a t t r a c t i v e  and o t h e r  methods such as a two-step DO1 
might be more advantageous. This method would use  t h e  SPS t o  
b r i n g  p e r i l u n e  down t o  an in t e rmed ia t e  a l t i t u d e  such as 1 0 0 , 0 0 0  f t  
i n  t h e  f i r s t  s t e p  and then  t h e  RCS would comp1,ete t h e  maneuver on 
the nex t  r evo lu t ion .  The low t h r u s t  l e v e l  of t h e  RCS makes a f e w  
seconds of overburn n o n - c r i t i c a l .  
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In t roduc t ion  

Current  planning fo r  Apollo missions c a l l s  f o r  L O 1  
i n t o  a 60  x 1 7 0  nm o r b i t  followed by a DO1 maneuver on t h e  2nd 
r e v o l u t i o n  i n t o  a 60  x 8 nm o r b i t  from which LM descent  w i l l  
beg in  approximately a day l a t e r .  For f a r  e a s t e r l y  si tes such 
a s  S W  Crisium, concern has been expressed a s  t o  the  amount of 
t i m e  a v a i l a b l e  a f t e r  a c q u i s i t i o n  of s i g n a l  (AOS) t o  perform a ' 

D O 1  b a i l o u t  maneuver i n  t h e  event  of a DO1 overburn r e s u l t i n g  
i n  an o r b i t  wi th  an unacceptably l o w  p e r i l u n e .  

I n  t h e  event  of a DO1 overburn t e n  minutes a r e  nor- 
mally r equ i r ed  a f t e r  AOS t o  determine an unsafe  p e r i l u n e  a l t i -  
tude  s i t u a t i o n  and command t h e  b a i l o u t  maneuver. This t i m e  
b reaks  down roughly t o  4 minutes t r a c k i n g ,  2 minutes process ing  
of d a t a ,  1 minute t o  examine t h e  d a t a  and 3 minutes t o  i n s t r u c t  
t h e  crew. S ince  t h e  t i m e  of v i s i b i l i t y  from AOS (on t h e  eastern 
l i m b )  t o  an unsafe  a l t i t u d e  w i l l  g e n e r a l l y  be less than f i v e  
minutes f o r  a f a r  e a s t e r l y  s i te  such as Crisium, an a l t e r n a t e  
scheme would be necessary.  Severa l  methods have been proposed 
t o  a l l e v i a t e  t h i s  problem. These inc lude  l o c a t i n g  p e r i l u n e  of 
t h e  descent  o r b i t  over  t h e  landing s i t e  i n s t e a d  of 16-17'  e a s t -  
w a r d  (adopted on Apollo 151, employing t h e  RCS f o r  t h e  f i n a l  
maneuver of a two-step D O I ,  and LO1 o r b i t  shaping which employs 
i n i t i a l  l u n a r  o r b i t s  wi th  per i lune  a l t i t u d e s  a s  low as 40 nm. 

Only t h e  l a t t e r  method i s  i n v e s t i g a t e d  here .  I t  i s  
shown t h a t  f o r  a t y p i c a l  S W  Crisium s i t e  (15.7'N, 46.4'E) t h e  
s t anda rd  DO1 maneuver from a 6 0  x 170 nm o r b i t  i s  v i s i b l e  t o  
the e a r t h  on t h e  western limb of  t h e  moon and t h e  s p a c e c r a f t  
remains v i s i b l e  fo r  s e v e r a l  minutes. The t i m e  of v i s i b i l i t y  
immediately a f t e r  DO1 and before  o c c u l t a t i o n  by t h e  moon can 
be inc reased  us ing  a lower pe r i lune  a l t i t u d e  of t h e  LO1 o r b i t  
a t  t h e  expense of an SPS AV penal ty .  . -  
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Analysis  

The o r b i t a l  geometry f o r  a r e p r e s e n t a t i v e  50 x 1 7 0  nm 
LO1 o r b i t  and 60  x 8 nm descent  o r b i t  i s  i l l u s t r a t e d  i n  Figure 1. 
P e r i l u n e  of t h e  descen t  o r b i t  w a s  p laced  16' e a s t  of t h e  landing  
s i te .  When a 6 0  x 1 7 0  LO1 o r b i t  i s  employed t h e  two o r b i t s  have 
only one s p a t i a l  p o i n t  i n  common and D O 1  must occur  a t  t h i s  p o i n t ,  
namely p e r i l u n e  of t h e  LO1 o r b i t  ( a l s o  t h e  apolune of t h e  descent  
o r b i t ) .  If p e r i l u n e  of t h e  LO1 o r b i t  i s  lowered, then the  t w o  
o r b i t s  can i n t e r s t e c t  a t  t w o  p o i n t s  and t h e  DO1 maneuver may t a k e  
p l ace  a t  e i t h e r  po in t .  These t w o  maneuvers are c l a s s i f i e d  here 
a s  p r e  o r  p o s t  p e r i l u n e  depending on t h e i r  p o s i t i o n  wi th  r e s p e c t  
t o  p e r i l u n e  of t h e  L O 1  o r b i t .  Furthermore, t h e  l i n e  of aps ides  
of t h e  LO1 o r b i t  can be r o t a t e d  about t h e  l i n e  of aps ides  of t h e  
descen t  o r b i t .  This  r o t a t i o n  can extend u n t i l  the two o r b i t s  
become tangent  t o  each o the r  and only one DO1 s o l u t i o n  e x i s t s .  
For a 50 x 170 o r b i t  t h e  r o t a t i o n  ang le ,  8 ,  can extend t o  *61°; 
f o r  a 40 x 170 o r b i t  t h e  l i m i t i n g  va lues  are *87'. Beyond t h e s e  
l i m i t s  t h e  two o r b i t s  have no common i n t e r s e c t i o n  and a one-step 
D O 1  maneuver i s  n o t  poss ib l e .  For each o r b i t  o r i e n t a t i o n  t h e  
sun e l e v a t i o n  a t  landing w a s  f i x e d  (7 ' ) .  Therefore ,  t h e  t r a n s -  
l una r  energy i s  approximately cons t an t  i n  t h e  a n a l y s i s .  

Resu l t s  

F igure  2 i l l u s t r a t e s  the pena l ty  i n  combined L O 1  + DO1 
AV as a func t ion  of t h e  r o t a t i o n  angle ,  8 ,  f o r  LO1 o r b i t s  of 40  x 
1 7 0  nm and 50 x 170 nm. The combined AT? pena l ty  w a s  e s s e n t i a l l y  
t h e  same f o r  e i ther  a pre-  or pos t -pe r i lune  DO1 maneuver. The 
e f f e c t i v e  pena l ty  i n  end-of-mission AV i s  approximately t w i c e  
t h e  combined L O 1  + DO1 penal ty .  Figure 3 i l l u s t r a t e s  t h e  t i m e  
f r o m  DO1 t o  LOS on t h e  western l i m b  f o r  t h e  s a m e  o r b i t a l  para- 
meters as Figure  2. P r e -  and pos t -per i lune  s o l u t i o n s  are designa- 
t e d  on the  curves.  I t  may be noted t h a t  f o r  a l i m i t e d  range of 
r o t a t i o n  angle  both DO1 so lu t ions  a r e  p o s t  p e r i l u n e .  F igure  4 
i s  a c r o s s p l o t  of F i g u r e s  2 and 3 .  The t i m e  of v i s i b i l i t y  be fo re  
o c c u l t a t i o n  by t h e  moon i s  i l l u s t r a t e d  as a f u n c t i o n  of t h e  AV 
pena l ty  (LO1 + D O I )  r e l a t i v e  t o  t h e  s t anda rd  6 0  x 1 7 0  case. The 
s t anda rd  60 x 1 7 0  o r b i t  provides f o r  about 4 minutes of v i s i b i l i t y  
a f t e r  DO1 wi th  r e s p e c t  t o  t h e  e a r t h .  The v i s i b i l i t y  t i m e  can be 
inc reased  on a 50 x 1 7 0  or 40  x 1 7 0  o r b i t  a t  t h e  expense of addi- 
t i o n a l  AV. For example, on a 50 x 170 o r b i t ,  Figure 4 r e v e a l s  
t h a t  a DO1 s o l u t i o n  y i e l d i n g  15 minutes of e a r t h  coverage 
immediately a f te r  DO1 i s  f e a s i b l e  a t  t h e  c o s t  of an a d d i t i o n a l  
55 f t / s e c  i n  L O 1  + D O 1  AV. 

Discussion 

The f a c t  t h a t  DO1 i s  v i s i b l e  t o  e a r t h  ( for  t h e  s t anda rd  
6 0  x 170 nm L O 1  o r b i t )  may provide t h e  m e a n s  f o r  a l l e v i a t i n g  t h e  
DO1 b a i l o u t  problem f o r  a Crisium mission. I t  appears  p o s s i b l e  t o  
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choose an LO1 o r b i t  of approximately 60  nm p e r i l u n e  a l t i t u d e  
wi thou t  i n c u r r i n g  a s i g n i f i c a n t  AV pena l ty  so t h a t  4 minutes 
of coverage f o r  t r a c k i n g  is a v a i l a b l e  be fo re  LOS. The d a t a  
can then be  processed while  t h e  s p a c e c r a f t  i s  behind t h e  moon 
and enough t i m e  may e x i s t  for t h e  c r e w  t o  be i n s t r u c t e d  upon 
AOS. Addi t iona l  coverage t i m e  be fo re  LOS could be achieved 
only a t  t h e  expense of a d d i t i o n a l  AV. ‘Al te rna te  schemes may 
be d e s i r a b l e ;  such a s  a two-step D O I ,  i f  SPS margins on an 
Apollo 17  Crisium mission a re  low. 

- 
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